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Lentivirus-mediated downregulation of MAT2B inhibits
cell proliferation and induces apoptosis in melanoma
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Abstract. Malignant melanoma is the most lethal of skin
cancers and its pathogenesis is complex and heterogeneous.
The efficacy of conventional therapeutic regimens for mela-
noma remains limited. Thus, it is important to explore novel
effective therapeutic targets in the treatment of melanoma.
The MAT2B gene encodes for the regulatory subunit of
methionine adenosyltransferase (MAT). Recent studies have
suggested that MAT2B may have functional roles other than
modulating catalytic activity of MAT. In order to identify the
roles of MAT?2B in the tumorigenesis of malignant melanoma,
we compared MAT2B expression profile in melanoma tissues
with that in benign nevus samples. We employed lentivirus-
mediated RNAi to downregulate the expression of MAT2B
in malignant melanoma cell lines (A375 and Mel-RM), and
investigated the effects of MAT2B on cell growth, colony-
formation ability and apoptosis in vitro, as well as tumor
growth of a xenograft model in vivo. The expression levels of
BCL2 and XAF]1 proteins, which were closely related to tumor
cell apoptosis, were analyzed by western blot analysis. Our data
showed that MAT2B was elevated in both primary and meta-
static melanoma tissues compared with benign nevus samples.
Lentivirus-mediated downregulation of MAT2B suppressed
cell growth, colony formation and induced apoptosis in A375
and Mel-RM cell lines in vitro, affected protein expression
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of BCL2 and XAFI, extended the transplanted tumor growth
in vivo. These results indicated that MAT2B was critical in
the proliferation of melanoma cells and tumorigenicity. It may
be considered as a potential anti-melanoma therapeutic target.

Introduction

Methionine adenosyltransferase (MAT) is a critical enzyme
that catalyzes the biosynthesis of S-adenosylmethionine
(SAMe), the principal biological methyl donor in all mamma-
lian cells (1). These reactions play a central role in methionine
cycle and are associated with several important biological
functions such as transmethylation, trans-sulfuration and poly-
amine synthesis. There are three MAT genes in mammals:
two of them (MATI1A and MAT2A) encode for the catalytic
subunits (MATal and a2) of the different MAT isoforms,
while the third gene (MAT2B) encodes for the regulatory
subunit (MATf) which modulate the catalytic activity of MAT.
In mammals, three distinct isoforms of MAT (MATI, MATII
and MATIII) have been identified: MAT1A, mainly expressed
in normal hepatocytes, encodes for MATal which constructs
the tetramer (MATI) and the dimer (MATIII); MATII,
mainly expressed in extra-hepatic tissues, is a heterotetramer
composed by catalytic subunit MATa2, encoded by MAT2A,
and regulatory subunit MATp, encoded by MAT2B (2). The
MATp subunit regulates the catalytic subunit MATa2 by
reducing the Km of MATII for methionine and increasing the
sensitivity of the enzyme to feedback inhibition by SAMe (3).
Downregulation of the MAT [3 subunit expression causes a 6-
to 10-fold increase in intracellular SAMe levels (4).

Although MAT?2B is known as a gene encoding regulatory
subunit for changing MATII enzymatic activity, recent studies
have reported that MAT2B also has several kinds of specific
biologic fuctions, especially in cancer. MAT2B expression is
elevated in human hepatocellular carcinoma and colon cancer
which promotes the growth advantage or cell cycle of tumor
cells (5-9). In HCC cells, MAT2B knockdown led to growth
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inhibition by downregulating cyclin D1. Moreover, apoptosis
of HCC cells induced by LV-shRNA of MAT2B was involved
in downregulating BCL-XL and upregulating BCL-XS (6). In
both liver and colon cancers, MAT2B interacted with GIT1
and formed a scaffold to regulate Ras/Raf/MEK1/2 activity
and therefore promoted cell growth and tumorigenesis (7,8).
MAT?2B was also identified to interact with HuR, an mRNA-
binding protein known to stabilize the mRNA of several
cyclins, to affect tumor cell proliferation and apoptosis (9).
These data suggest that MAT2B may also have other func-
tional roles in addition to modulating catalytic activity of
methionine adenosyltransferase. It may also play a positive role
in tumor cell proliferation. Despite several studies supporting
the biological function of MAT2B in the tumorigenesis of
human hepatocellular carcinoma and colon cancer, its function
in the proliferation of cancer cells remains unclear. Moreover,
the biofunctions of MAT2B have not been studied in human
malignant melanoma.

Malignant melanoma is the most lethal of skin cancers
and its pathogenesis is complex and heterogeneous. The
incidence of malignant melanoma continues to rise (10). The
efficacy of conventional therapeutic regimens for melanoma
remains limited, so that it is significant to explore new effec-
tive therapies such as targeted therapy in the treatment of
melanoma (11). BRAF, NRAS and KIT are three well-known
oncogenes associated with malignant melanoma. Several
targeted drugs such as vemurafenib and dabrafenib have
improved progression-free survival and overall survival in
malignant melanoma patients with BRAF V600E mutation,
compared with chemotherapy (12-14). However, the recur-
rences often develop several months later and the tumor
usually becomes more resistant to the drug. The subsequent
metastasis is even more aggressive and is the critical cause of
mortality. These reasons highlight the importance of finding
novel therapeutic targets to fight against malignant melanoma.
With the development of biological research techniques and
methods, further investigation on the molecular pathogenesis
of this disease is feasible.

Up to now, the expression of MAT2B in malignant mela-
noma tissue and its biological functions in melanoma cells has
not been clearly demonstrated. Hence, in order to identify the
role of MAT2B in malignant melanoma tumorigenesis, we
contrast the expression profile of MAT2B in clinical malignant
melanoma tissues and benign nevus samples. Furthermore, by
using lentivirus-mediated RNAi to downregulate the expres-
sion of MAT?2B in malignant melanoma cell lines (A375
and Mel-RM), we investigated the effects of MAT2B on cell
growth, colony-formation ability and apoptosis in vitro, as well
as tumor growth of xengrafts in vivo. Western blot analysis
was further carried out to explore the expression patterns of
some apoptosis-related proteins.

Materials and methods

Cell lines, tissue samples and animals. The human melanoma
cell line A375 was kindly provided by Shanghai Cell Bank,
Chinese Academy of Science. The human melanoma cell line
Mel-RM was a gift from Professor Mian Wu (University of
Science and Technology of China, Hefei, China). Both cell
lines were cultured in Dulbecco's modified Eagle's medium
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(DMEM,; Gibco-BRL, Grand Island, NY, USA) plus 10% fetal
bovine serum (FBS; HyClone Laboratories, Inc., Logan, UT,
USA) in a 5% CO, incubator at 37°C.

Forty-nine primary melanoma tissues, 38 metastatic
melanoma tissues and 42 benign nevus samples were obtained
from the Department of Surgery, The First and Second
Affiliated Hospitals of Anhui Medical University between
2010 and 2015. The histological diagnoses were evaluated by
experienced pathologists based on formalin-fixed paraffin-
embedded (FFPE) tissue sections that were stained with
haematoxylin-eosin (H&E). Fresh tissue samples were fixed in
4% paraformaldehyde for 12-24 h and then paraffin-embedded
to test the endogenous expression of MAT2B by immunohisto-
chemistry technique. This study was approved by the Human
Research Ethics Committees of the Anhui Medical University
and was performed according to the relevant regulations.
Written informed consent was obtained from each participant.

The experiments in vivo were licensed by the Animal
Research Ethics Committee of Anhui Medical University,
Hefei, China, and were conducted following the regulations
of the use and care of laboratory animals. Specific pathogen-
free (SPF) grade male BALB/c nude mice aged 4 weeks were
purchased from Shanghai SLAC laboratory Animal Co., Ltd.,
Shanghai, China, and were maintained in a 12 h light/12 h
dark cycle at constant temperature.

Immunohistochemistry. Immunohistochemical staining was
employed to test the endogenous expression of MAT2B in
primary, metastatic melanoma tissues and benign nevus
samples. Briefly, formalin-fixed paraffin-embedded tissue
sections were deparaffinized using xylene at room tempera-
ture, rehydrated through graded ethanol. The sections were
then boiled using microwave for 10 min in citrate buffer for
antigen retrieval. Endogenous peroxidase activity was blocked
by 3% hydrogen peroxide for 20 min. The MAT2B antibody
(Sigma-Aldrich, St. Louis, MO, USA) was used at a dilution
of 1:200, incubated for 12 h at 4°C. Finally, the slides were
incubated with secondary antibodies (ZSGB-Bio Co., Beijing,
China) for 30 min at 37°C. The tissue was visualized with
3,3'-diaminobenzidine (DAB) stain and counter-stained for
microscopic examination. Two pathologists scored the slides
for the staining intensity, independently. The scoring of the
slides was conducted blinded to the clinical information.
The histological score (H-Score) (15,16) was used to semi-
quantitative analyze the endogenous expression of MAT2B
in tissue samples. The staining intensity was rated as 0 (no
staining), 1+ (weak), 2+ (moderate), or 3+ (strong) based on
the intensity of the staining pattern. H-Score (range from 0
to 300) was calculated by adding the multiplication of the
different staining intensities using the following equation.
H-Score =[1 * (% cells 1+) + 2 * (% cells 2+) + 3 * (% cells 3+4)].

Lentiviral vector construction and transfection. The most
effective MAT2B-targeted small interfering RNA sequence
(AGTTCATCACATCATTCAT) and a negative control small
interfering RNA sequence (TTCTCCGAACGTGTCACGT)
were selected. Short hairpin RNA (shRNA) was synthesized
and was cloned into the pGCSIL-GFP vector (GeneChem Co.,
Ltd., Shanghai, China) to construct the recombinant plasmid.
The pGCSIL-GFP vector contains Agel/EcoRI enzyme
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cleavage sites and green fluorescent protein (GFP) reporter
gene with an internal CMV (cytomegalovirus) promoter. The
MAT2B-shRNA recombinant plasmid and assistant packaging
plasmid (GeneChem) were co-transfected into HEK293T
cells. Lentivirus particles expressing MAT2B-shRNA were
collected from the supernate of the culture medium, purified
by centrifugal ultrafiltration and stored at -80°C.

Cells of human melanoma cell lines A375 and Mel-RM
were seeded in 6-well plates and allowed to grow until the
density of cells reached ~40%. Appropriate amount of lenti-
virus were added into the culture medium according to the
multiplicity of infection (MOI) which was determined as 20.
Culture medium was refreshed 24 h after lentivirus infec-
tion. GFP fluorescence expression was detected for infecting
efficiency evaluation 72 h after infection by fluorescence
microscopy.

Quantitative real-time PCR (qRT-PCR). The quantitative real-
time PCR was carried out to detect the mRNA level of MAT2B
in human melanoma cell lines A375 and Mel-RM after
infected by lentivirus. Cells were divided into 3 groups: mock
(melanoma cells without lentivirus infection), shCtrl (infected
melanoma cells by lentivirus expressing non-silencing shRNA)
and shMAT2B (infected melanoma cells by lentivirus
expressing MAT2B-shRNA). Seventy-two hours after lenti-
virus infection, the cells were collected and total RNA was
extracted by TRIzol (Invitrogen Corp., Carlsbad, CA, USA).
According to the instructions of the manufacturer, total RNA
was reversely transcripted to cDNA by M-MLV reverse tran-
scriptase kits (Promega, Madison, WI, USA). The SYBR-Green
Master Mix kit (Takara Bio Inc., Shiga, Japan) was used, and
quntitative real-time PCR was performed on Agilent Mx3000P
QPCR system (Agilent Technologies, Santa Clara, CA, USA).
The following primers were used: MAT2B forward primer
5'-ACAGAGAGGAAGACATACCAG-3' and reverse primer
5-GTTCATTGCCAGACCAGTG-3'; GAPDH forward primer
5'"TGACTTCAACAGCGACACCCA-3' and reverse primer
5'-CACCCTGTTGCTGTAGCCAAA-3'". The cycling profile
was: initial denaturation at 95°C for 15 sec, 45 cycles consisting
of 95°C for 5 sec, 60°C for 30 sec. Data were calculated using
the 22T method with GAPDH serving as an internal control.
All experiments were independently repeated at least 3 times.

Cell proliferation assay. Two methods were carried out to
measure the cell proliferation of human melanoma cells after
lentivirus infection. First, cell growth of human melanoma
cell line A375 was measured by the fluorescent cytometer.
A375 cells were infected with shCtrl or ssMAT2B lentivirus.
Seventy-two hours after infection, cells were collected,
counted and seeded into 96-well plates. All cells with green
fluorescence were counted by Nexcelom Celigo Image
Cytometer in the following 5 days. Fluorescent photomicro-
graphs were taken and cell growth curves were drawn. Second,
in order to confirm the inhibition effect and test whether the
shCtrl lentivirus can affect cell proliferation, we conducted the
MTT assay in human melanoma cell lines A375 and Mel-RM.
Cells were divided into 3 groups as described above: Mock,
shCtrl and shMAT2B. Seventy-two hours after lentivirus
infection, cells were collected and seeded in 96-well plates.
MTT (Sigma-Aldrich) solution was added after 24, 48, 72,
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96 and 120 h. The cells were then cultured for another 4 h.
The resulting formazan crystals were dissolved in DMSO and
absorbance at 490 nm was detected. The experiments were
repeated at least three times.

Colony formation assay. The colony-forming abilities of
human melanoma cell lines A375 and Mel-RM were tested.
Cells were divided into 3 groups: Mock, shCtrl and shAMAT2B,
as described above. Seventy-two hours after lentivirus
infection, cells at the logarithmic phase were collected and
inoculated at a density of 300 cells/well in 6-well plates.
Culture medium was refreshed every 3 days. After incubating
for 14 days, cells were fixed with 4% paraformaldehyde and
stained with Giemsa. Cell colonies that contained at least 50
cells were manually counted.

Apoptosis assay. The apoptosis ratio of human melanoma cell
lines A375 and Mel-RM was detected by a flow cytometer.
As described above, cells in Mock group were not infected
by any lentivirus, cells in shCtrl or siMAT2B group were
infected by lentivirus expressing non-silencing shRNA or
MAT2B-shRNA. Seventy-two hours after lentivirus infection,
melanoma cells were collected, washed and then stained by
Annexin V-APC at room temperature in the dark for 15 min.
After filtered by a 50 ym mesh, apoptosis ratio of each sample
was detected by Millipore Guava easyCyte HT flow cytometer
(Millipore, Billerica, MA, USA).

Western blot analysis. Western blot analysis was conducted
to measure the variations in protein expression after MAT2B
downregulation in human melanoma cell lines A375 and
Mel-RM. Cells were divided into 3 groups: Mock, shCtrl and
shMAT?2B. Seventy-two hours after lentivirus infection, cells
were collected. Proteins were extracted, loaded, separated by
SDS polyacrylamide gel electrophoresis and transferred onto a
PVDF (polyvinylidene difluoride) membrane. The membrane
was blocked, washed and incubated overnight with primary
antibodies against MAT2B (1:500 dilution; Sigma-Aldrich),
XAFI (1:1,000 dilution; Santa Cruz Biotechnology, Dallas,
TX,USA),BCL2 (1:1,500 dilution; Santa Cruz Biotechnology).
After that, the membrane was washed and incubated with
secondary antibodies (Santa Cruz Biotechnology) and detected
by enhanced chemiluminescence. The intensity of bands was
quantified by ImageJ software and protein expression was
standardized to GAPDH.

Tumor growth experiment in vivo. For the transplanted tumor
model, A375 cells were infected by shMAT2B or shCtrl lenti-
virus. After lentivirus infection, cells at the logarithmic phase
were collected and adjusted at a density of 2x107 cells/ml. The
cell suspension (250 ul) was subcutaneously injected into the
right dorsal flank of the nude mice. After implantation, tumors
were allowed to grow until their diameters reached ~5 mm.
Tumor size was measured every 4 days and tumor volumes
were calculated using the formula: V = (ab®)/6, where a was
the largest superficial diameter and b was the perpendicular
diameter. Twenty-four days later, the mice were sacrificed and
the tumors were dissected and weighted. Inhibition ratio was
defined as 1 - (tumor weight of SsMAT2B group/shCtrl group).
As previously described (17), relative tumor volume was used to
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Figure 1. MAT2B expression was upregulated in 49 primary melanoma (PM) and 38 metastatic melanoma (MM) tissues compared to 42 benign nevus (BN)
samples and was associated with melanoma differentiation status. (A) Representative microphotographs of MAT2B protein immunohistochemistry staining
(magnification, x400). (B) MAT2B protein expressions in melanoma tissues and nevus. (C) MAT2B protein expressions with tumor differentiation status. Data
are presented as mean histological score (H-Score) £SD. Statistical comparisons were performed by Kruskal-Wallis test. “P<0.05.

create the tumor growth curve and it was regarded as the ratio of
measured tumor volume compared with the initial tumor volume
of the same mouse. Tumor growth equations were constructed
based on the Gompertz model, which was determined by the
equation: y =V, * exp {b * [1 - exp (-a * x)]}, where y was tumor
size, X was time, V, was the initial tumor volume, a and b were
constant (18). Tumor growth time (TGT 10) was the number of
days it took the tumor to grow to 10 times the size of its initial
volume. Tumor growth delay (TGD) was regarded as the time
difference of TGT 10 between shMAT?2B group and shCtrl

group.

Statistical analysis. Quantitative data are presented as the
mean =+ standard deviation of three independent experiments.
Statistical analysis was performed by SPSS 13.0 software.
Statistical comparisons were performed by two-tailed t-test or
one-way analysis of variance for parameter test. The expres-
sion of MAT2B in primary melanoma tissues, metastatic
melanoma tissues and nevi tissues was compared by Kruskal-
Wallis test. Comparisons of tumor growth curves in vivo were
completed by repeated-measures variance analysis. A P-value
<0.05 was considered as statistically significant.

Results

MAT2B expression is frequently upregulated in malignant
melanoma tissues. We examined the endogenous expression
of MAT2B by conducting immunohistochemical staining on
formalin-fixed paraffin-embedded samples from 49 patients
with primary melanoma, 38 patients with metastatic melanoma

and 42 patients with benign nevus. As shown in Fig. 1A and B,
endogenous expression of MAT2B was elevated in malignant
melanoma compared to benign nevus. However, there was
no significant difference in MAT2B level between primary
and metastatic melanoma. Hierarchical analysis of MAT2B
expression in melanoma tissue found that poorly differentiated
tumors frequently have higher level of MAT2B compared with
well differentiated tumors (Fig. 1C). However, there were no
significant changes in MAT2B expression within different
gender, age and primary site (data not shown). These results
indicated that the expression of MAT2B may be related to the
tumorigenesis and differentiation of melanoma.

MAT2B is effectively knocked down in human melanoma
cells by MAT2B-shRNA lentivirus. MAT2B-shRNA
(shMAT2B) lentivirus and non-silencing shRNA (shCtrl)
lentivirus were constructed and infected in human mela-
noma cell lines A375 and Mel-RM. As shown in Fig. 2A, the
infection efficiency was >90% according to the GFP expres-
sion, 72 h after lentivirus infection. Quantitative real-time
PCR (Fig. 2B) indicated that the MAT2B mRNA level was
downregulated ~70-80% in two cell lines after ssMAT2B
lentivirus infection. There was no statistical difference in the
mRNA level between Mock and shCtrl group. In terms of
protein levels, western blot analysis (Fig. 2C and D) exhib-
ited a similar profile. These data suggested that MAT2B was
effectively knocked down in human melanoma cell lines
A375 and Mel-RM after shMAT?2B lentivirus infected, and
that shCtrl lentivirus did not change the mRNA or protein
level of MAT2B in melanoma cells.
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Figure 2. MAT?2B is effectively knocked down in human melanoma cells by MAT2B-shRNA lentivirus. (A) Bright and fluorescent photomicrographs (mag-
nification, x200) of human melanoma cell lines A375 and Mel-RM 72 h after lentivirus infection. (B) MAT2B mRNA level was detected by quantitative
real-time PCR 72 h after lentivirus infection. (C and D), MAT?2B protein level (bands and relative optical density) was detected by western blot analysis 72 h
after lentivirus infection. Data are presented as the mean + SD from three independent experiments. “P<0.05.
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Figure 4. Downregulation of MAT2B inhibited melanoma cell proliferation
analyzed by MTT assay. The OD 490 nm/fold on day 3-5 showed significant
differences between shCtrl and shMAT2B groups in melanoma cell lines (A)
A375 and (B) Mel-RM, respectively. Data are presented as the mean + SD
from three independent experiments. "P<0.05.

Cell proliferation is inhibited after MAT2B downregulation
in human melanoma cells. A375 cells with green fluores-
cence were counted by Nexcelom Celigo Image Cytometer in
continuous 5 days (Fig. 3A) and the cell growth curves were
drawn (Fig. 3B and C). After a 5-day culture, A375 cells in
shCtrl and shMAT?2B groups increased by 7.03 and 2.77 times,
respectively, revealing that cell growth of A375 was inhibited
after ssMAT?2B lentivirus infection.

Moreover, in order to confirm the inhibition effect
and to detect whether the shCtrl lentivirus can affect cell
proliferation, MTT assays were conducted in A375 and
Mel-RM, and Mock groups were also added (Fig. 4). The
OD 490 nm/fold on days 3-5 showed significant differences
between shCtrl and shMAT2B groups which suggested
that downregulation of MAT2B inhibited melanoma cell
proliferation. There was no significant change in the OD
490 nm/fold between Mock and shCtrl groups which
confirmed that shCtrl lentivirus infection could not affect
cell proliferation.

Colony formation ability is depressed after MAT2B down-
regulation in human melanoma cells. Colony formation
assay was conducted to test the colony formation ability of
human melanoma cell lines A375 and Mel-RM after lenti-
virus infection in vitro. Data are shown in Fig. 5. The number
of colonies was significant decreased in shAMAT2B group
compared with shCtrl group in both A375 and Mel-RM
cells. Another interesting result was that shCtrl lentivirus
infection inhibited the colony formation ability in A375 cells
compared with Mock group. However, the inhibition effect in
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Figure 5. Downregulation of MAT2B depressed colony formation ability of
human melanoma cell lines A375 (A) and Mel-RM (B). Colonies of human
melanoma A375 and Mel-RM cells in 6-well plates were stained by Giemsa
and were quantitatively analyzed. Cell colonies which contained at least 50
cells were counted. Data are presented as the mean + SD from three indepen-
dent experiments. "P<0.05.

Mel-RM cells was not shown as in A375 cells. These results
suggested that despite the difference in virus susceptibility of
the 2 cell lines, downregulation of MAT2B depressed colony
formation ability of A375 and Mel-RM in vitro.

Apoptosis ratio is increased after MAT2B downregulation in
human melanoma cells. The apoptosis ratio of each sample
was detected with Annexin V-APC staining by a flow cytom-
eter. The results were shown in Fig. 6. The apoptosis ratios
of A375 and Mel-RM in shMAT2B group were increased
compared with those in shCtrl group, from 4.45 to 18.07
and 4.66 to 11.89%, respectively. Furthermore, there were no
significant differences in the apoptosis ratios of these two cell
lines between Mock and shCtrl groups. This suggested that
MAT?2B knockdown promoted apoptosis of human melanoma
cells in vitro.
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(A) Protein levels of MAT2B, BCL2 and XAF1 were analyzed by western blot analysis. (B) The relative optical density of each band was quantified by ImageJ
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Protein expression levels of BCL2 and XAF1 are significantly
changed after MAT2B downregulation in human melanoma
cells. Protein expression levels of BCL2 and XAFI1, which
were closely related to apoptosis of tumor cells, were analyzed
by western blot analysis. As shown in Fig. 7, XAF1 was
significantly upregulated while BCL2 protein expression was
significantly downregulated after MAT2B was knocked down
in human melanoma cell lines A375 and Mel-RM.

MAT2B downregulation delays tumor growth in vivo. To
investigate the effect of MAT2B on tumor growth in vivo, a
transplanted tumor model was established by subcutaneously
injecting A375 (infected by shCtrl or ssMAT2B lentivirus)
into the right dorsal flank of the BALB/c nude mice. Twenty-
four days later, tumors were dissected and weighed, the
shMAT?2B group formed smaller and lighter tumors than the
shCtrl group (Fig. 8A, C and D). Tumor inhibition ratio was
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Figure 8. MAT2B knockdown inhibits the transplanted tumor growth in vivo. A375 infected by shCtrl or shtMAT2B lentivirus were subcutaneously injected
into the right dorsal flank of the BALB/c nude mice to establish the experimental model. (A) Twenty-four days later, ssMAT2B group had formed smaller
tumors than shCtrl group. (B) Tumor growth curves. (C) Pictures of the excised tumors. (D) Tumor weight. Statistical comparisons of tumor growth were

performed by repeated-measures variance analysis. "P<0.05.

50.09%. Tumor growth curves are shown in Fig. 8B. Tumor
growth equations were constructed according to the Gompertz
model and used to calculate parameters such as tumor growth
time (TGT 10) and tumor growth delay (TGD). The TGT 10
was 17.05 and 27.76 days in shCtrl and shMAT2B groups,
respectively. TGD was 10.71 days between the two groups.
Through comparing tumor growth between shCtrl and
shMAT2B groups by repeated-measures variance analysis,
we observed that downregulation of MAT2B extended the
transplanted tumor growth in vivo.

Discussion

Recent studies have suggested that MAT2B may also have other
functional roles in addition to modulating catalytic activity of
methionine adenosyltransferase. In the present study, in order
to explore the expression profiles and biological functions
of MAT2B in human malignant melanoma, we investigated
the expression profiles of MAT2B in primary and metastatic
malignant melanoma compared with benign nevus by immu-
nohistochemistry technique, and selected lentivirus-mediated
RNAIi for MAT2B downregulation. We found that MAT2B
was expressed at higher levels in primary and metastatic
melanoma tissues compared with nevus. Lentivirus-mediated
downregulation of MAT2B suppressed cell growth and colony
formation abilities, enhanced apoptosis in human malignant
melanoma cell lines A375 and Mel-RM in vitro. In addi-
tion, we provided evidence that downregulation of MAT2B
inhibited tumor growth of xenografts in vivo. Then protein
expression of BCL2 and XAFI1, which were closely related
to apoptosis of tumor cells, were analyzed by western blot
analysis. The results implied that some of the pro-apoptotic
genes were upgraded and anti-apoptotic genes downgraded

after MAT2B knocked down in human melanoma cell lines
A375 and Mel-RM.

Apoptosis plays a crucial role in maintaining proper tissue
development and homeostasis. Apoptosis escaping by cancer
cells is a strategy of their adaption to microenvironment and
treatment (19). Anti-apoptotic molecules can protect tumor
cells from apoptosis and mediate some other processes,
combination with lacking of pro-apoptotic molecules, result in
an enhanced aggressive phenotype (20,21).

The BCL2 family is considered as the most important and
potent mediators of apoptosis and survival in human cancers
including melanoma (22). Since it was discovered in the late
1980s, their mechanisms of action and interactions in apop-
tosis have been elucidated in exquisite molecular detail (23).
BCL2 is the core member of the family with the functions of
promoting cell survival and inhibiting apoptosis. The BCL2
anti-apoptotic gene is overexpressed in many human cancers,
and leads to aggressive disease course and poor survival
in patients with different cancers. This overexpression can
result from chromosomal translocations, gene amplifica-
tion, increased gene transcription, altered post-translational
processing and promoter hypomethylation (24). In the present
study, the expression level of BCL2 anti-apoptotic gene was
attenuated after MAT2B downregulation which induced
apoptosis and inhibited cell proliferation both in vitro and
in vivo.

X-linked inhibitor of apoptosis protein (XIAP) is the most
potent member in the inhibitors of apoptosis (IAP) family. It is
well known as an inhibitor of apoptosis by binding to caspase-3,
-7 and -9 to suppress their activities (25). XIAP-associated
factor 1 (XAF1) was identified as a XIAP-binding protein
and could directly bind preferentially to XIAP and antagonize
the anti-caspase activity of XIAP to induce apoptosis (26).
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Pro-apoptotic gene XAF1 was constantly expressed in normal
and fetal tissues but weakly expressed in most human cancer
cell lines and human cancer tissues such as ovarian, hepatocel-
lular, colon, pancreatic cancer and melanoma (27-31). Recent
studies had shown that XAF1 expression was relatively low
in hepatocellular carcinoma cell lines and hepatoma tissues.
Adenovirus-mediated XAF1 overexpression inhibited cell
proliferation and induced apoptosis, and prolonged the
survival of tumor-bearing mice, suggested that XAF1 could
be associated with tumor growth by inducing apoptosis and
inhibiting cell proliferation (28). In the present study, the pro-
apoptotic gene XAF1 expression was significantly augmented
after MAT2B downregulation, then lead to similar tumor-
depressing functions in melanoma cell lines in vitro and A375
transplanted tumor model in vivo.

Another interesting result was observed in colony forma-
tion assay. The number of colonies was significant decreased
in shCtrl group compared with Mock group in A375 cells.
Suggesting that shCtrl lentivirus infection inhibited the colony
formation ability in A375, but it did not show the same inhibi-
tion effect in Mel-RM cells in colony formation assay. In MTT
assay, however, the OD 490 nm/fold showed no significant
difference between Mock and shCtrl groups in both A375 and
Mel-RM cells, since the cell density was different between
colony-forming assay and MTT assay. These results implied
that, different cell lines have various susceptibilities to virus
infection, and possibly A375 in a low density would become
more sensitive to virus infection.

In the present study, we only used single shRNA sequence
to detect the bio-functions of MAT2B. It may bring out the off-
target effects of RNA interference. In order to eliminate the
off-target effects, we selected two malignant melanoma cell
lines to confirm the functional results because these effects
were probably different between A375 and Mel-RM cell lines.
Employing multiple shRNA sequences in RNA interference
may present stricter results.

In conclusion, our data showed that MAT2B expression
was elevated in malignant melanoma compared with benign
nevus and was associated with tumor differentiation status.
Knockdown of MAT2B suppressed cell growth, colony
formation ability and induced apoptosis in vitro, as well as
extended the transplanted tumor growth in vivo. The possible
mechanisms could be associated with the upregulation of
some pro-apoptotic genes expression such as XAF1 and
downregulation of some anti-apoptotic genes expression such
as BCL2. However, the particular mechanisms still need to be
confirmed. These results indicated that MAT2B was critical
for melanoma cell proliferation and tumorigenicity. It is a
probable target of anti-melanoma therapy.
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